We present a general model of the process of decision making based 
Introduction
4 For example, for decision making in finance such an environment contains the information on the real state of economics, world-wide political news, as well as psychological factors, such as expectations of investors related to future price formation on the finance market. In the context of decision making by voters, an election environment contains information related to the economic and finance conditions, political news, but also a variety of psychological biases conveyed by the mass-media during the election campaign (Khrennikova et al., 2014 , 2016 , Khrennikova, 2014a , 2016 . more depth into this foundational issue. We do not consider the "fractional Consider a number of agents A i , i = 1, ..., n. They plan some actions with respect to each other; possible actions of A i with respect to the agents A j , i = j, are given by the variable X i = x 1 ...x i−1 x i+1 ...x n ;
(1) 5 Of course, this is a statement about the general state of affairs. One cannot exclude a possibility that in some decision making contexts agents' behavior might be in accord with the purely bosonic or fermionic statistics. Finding such empirical examples, e.g., in cognitive psychology, economics, game theory would be of a vast interest. We remark that fermionic creation-annihilation operators were applied by Bagarello (2012 Bagarello ( , 2015 and Bagarello and Haven (2016) to model creation of alliances between political parties and the dynamics of buying and selling of financial assets. We also point to exploring of the Fock space formalism for modeling of cognitive phenomena by Sozzo (2014) . A more detailed description of the mathematics and social meaning of fermionic and bosonic operators can be found in the appendix.
6 However, such two dimensional anyons are not real physical particles. They are the so called quasiparticles.
in the simplest case x j = 0, 1, for example, non-cooperate/cooperate, notbuy/buy securities or commodities. In general, we obtain x j ∈ {α 1 , ..., α q },
where the possible actions α can depend on an agent, i.e., for the agent including some global decision making contexts. issues.
164
• The agents are political parties within the same country and the vari- where each α j is by itself a portfolio of assets, which A i can buy from 175 A j . (The counterparts can also make sell/hold decisions).
176
• The agents are members of a social network (virtual or real) and x i j 177 represent the degree of connectivity of A i with A j .
178
• Two companies negotiate entering a merger (i.e. to become one joint 179 company). In the simplest model there are two parties A 1 (management 180
We remark that at this stage we do not consider some concrete game theoretic problems, where only cooperation or competition is the best strategy. In the analysed example on political cooperation/competition we do not assume there are some constraints to cooperation, see a detailed synthesis of coalition-entry impact factors in Khrennikova (2016) . The decision on cooperation is driven by internal characteristics (value of cooperation shaped by the ideology, power aspirations and other factors) and external environmental impact (feedback from the electorate). are not interested in the dynamics of its concrete state.
200
• A trader A of the financial market should make the decision about 201 buying some financial asset: in the state vector of A, see (1), the 202 coordinates x i = 0, 1, where the index i labels some financial assets.
203
• A voter A decides for which party (or a particular candidate) she will 204 vote; the same model is applicable to different sorts of referendums, e.g.,
205
x = 0, 1, "to leave EU/to stay in the EU", "Scotland leaves UK/not-206 leaves".
207
The common feature in all the above selections of actions is that agents 208 act in contexts characterized by uncertainty. As was emphasized in the intro- introduced. This would be a topic for our further studies.
228
We consider the space of mental states of decision makers which was introduced in by Khrennikova (2016) in special context of decision making at the political arena. Now we extend this formalism to the general decision making context considered in section 2. The space of possible actions of the agent A i towards another (fixed) agent A j can be mathematically represented (in the quantum-like manner) as one qubit space (two dimensional complex Hilbert space) with the basis (|0 , |1 ) encoding agent's preferences: "not/act". It is denoted by the symbol H ij . In the quantum-like model uncertainty in A i 's preferences is represented by superposition of non-action and action. Such superpositions are naturally expressed by (normalized) linear combinations of the states |0 (non-action) and |1 (action):
paradoxes, by using the mathematical tools of classical probability theory, cf. Tversky and Kahneman, (1974, 1981, 1983 ), Tversky and Shafir (1992), Kahneman and Tversky (2000) for a critical analysis of the classical probabilistic framework of decision making. However, often, a model modifying the expected utility theory and resolving some paradox, e.g., the Ellsberg paradox, becomes an object of new "paradoxical attacks". For example, the original models explaining the Ellsberg paradox were not able to explain the Machina paradox. Now the classical probabilistic approach to decision making is involved in the long-term and endless struggle against appearance of new paradoxes. In the review (Erev and Ert, 2016) one can find 39 paradoxes and, as pointed by the authors of this review, the dream of classical probabilistic theory of decision making is to create a model which would not suffer of any of these known paradoxes. However, one cannot exclude that such a "grand-unification model" would be attacked by creators of a new paradox ("40th paradox") cf. Birnbaum (2008) 
235
The complete decision context involves the preferences for (non-)action of all agents (towards each other). The complete state space is mathematically represented as the tensor product H = ⊗ j H j . In the qubit representation its vectors have the form:
where X = X 1 ...X n and, see (1), X j = x 1 ...x j−1 x j+1 ...x n , x j = 0, 1, and
236
X |C X | 2 = 1. The dimension of this space is equal to D n = 2 n(n−1) .
237
In the space H we have both basic quantum effects, superposition and en- 
277
The main message of quantum physics (theory and experiment) is that 278 here correlations can be stronger than in classical physics (violation of Bell's 279 inequality and its generalizations). There can be mentioned two main sources 280 of the "quantum amplification" of correlations:
281
• nonlocal action at a distance;
282
• the impossibility of objectivization quantum observables: one cannot
283
assign the values to incompatible quantum observables before experi-284 ment.
285
The latter is very natural for cognition: there is no reason to assume that an This entanglement generating rotation is constructed phenomenologically by using the elements of the payoff matrix. 10 We pinpoint that in QM entanglement between quantum systems does not necessarily need to imply non-locality, if one adopt the view of local realism, cf. works by Loubenets (2012), Loubenets (2015) . Monogamy of entanglement (for n ≥ 3) is one of its distinguishing features. In the case of a pure state (i.e., given by a normalized vector) it is formulated very simply. Consider the case of three agents (e.g., political parties acting at the political arena of some country) A 1 , A 2 , A 3 . We call entanglement between their preference states genuine tripartite entanglement, if the their preference state cannot be bi-separated, i.e., it cannot be represented, e.g., in the form:
where agents (e.g., political parties) cannot increase they inter-connection with-371 out decreasing their interconnections with the third agent (political party).
372
However, the latter is definitely not the feature of all possible games be- environment destroys a state's purity and generates a mixed quantum state.
406
We remark that a pure quantum state is mathematically described by a nor- 
412
We now write the Markovian approximation of the quantum master equation, the Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) equation, see, e.g., (Ohya and Volovich, 2011) :
where H is a Hermitian operator acting in H and L is a linear operator acting 
425
In physics γ is equal to the Planck constant which has a special physical Therefore operationally it is easier to escape this discussion and consider the 430 operator-quantity H as dimensionless, and assign to γ the dimension of time
431
11 In decision-making modeling, environment is treated broadly compromising of the set of mental, economic, financial, social, geo-political and ecological variables. 
462
12 We would like to illuminate that the internal characteristics" encoded in the decisionoperators can contain a set of variables that corresponds to the value/utility interpretation of human actions as understood in EUT. At the same time, there is a set of additional variables characterising biases, beliefs and memory, cf. a concrete illustration with a projected structure of the Hamiltonian operator by Pothos and Busemeyer (2009). 
483
Consider single qubit space with the basis (|0 , |1 ). We define here the standard fermionic operators of creation a and annihilation a as following:
or in the matrix representation
Hence, a is really the adjoint operator to a. These operators satisfy the canonical commutation relations:
where I = 1 0 0 1 , is the unit operator and the anti-commutator of two operators A and B is defined as {A, B} = AB + BA. The commutation relations (10) can be easily checked by using the matrix representation (9).
Here the last two commutation relations in (10) are in fact trivial, since (a ) 2 = a 2 = 0. The number operator can be represented in the standard way N = a a and the free Hamiltonian as H 0 = ωa a. We remark that in quantum information theory (Frydryszak, 2011 ) these anti-commutation relations are written in the following form [?]:
Now we want to proceed to the case of a few degrees of freedom, to the k-qubit space. Let W = W 1 ⊗ ... ⊗ W k , where W i is one qubit space. In each W i we introduce the operators of creation and annihilation a i , a i , (7), (8), but then we extend them onto space W in the standard tensor product space manner
i.e.,
For the fixed i, such operators satisfy the canonical commutation relations (10) for the one dimensional fermionic system, but for different i, j they commute:
where [A, B] = AB − BA is the usual commutator. Now we list the k-qubit cannonical commutation relation as they are typically written in quantum information theory:
Now we turn to our model of decision making. In the total preference state 484 space H of the agents A i , i = 1, 2, ..., n, we introduce the operators a ji , a ji , i = 485 j, i, j = 1, ..., n. For the fixed j, the operator a ji creates the preference for 486 action of A j towards A i and the operator a ji destroys it. We underline that the operators create and annihilate preferences and not the actions. We describe the process of decision making and during this process an agent reflects on "to act, or not to act". These reflections are encoded with the aid of the qubit creation and annihilation operators. At the end of the process of reflections an agent approaches the decision which is represented in the probabilistic form and gives (subjective) probabilities for the actions.
We emphasize that these operators are "local", i.e., they nontrivially act only on the corresponding qubit representing the relation of A j to A j . This However, up to my knowledge, this formalism is not so widely explored, see,
512
however, again (Frydryszak, 2011) .
513
First, we consider the Hamiltonian part of the dynamics. The dynamics in the absence of interactions between agents and between different preferences 14 In quantum computing this feature corresponds to the possibility of approaching each qubit of the multi-qubit state. One may say that in our model agents use quantum-like algorithmic procedures for decision making. Of course, the state transformation given by the GKSL-equation is not a genuine quantum gate, because the latter has to be represented by a unitary operator and it corresponds to Schrödinger's dynamics. However, in some modern schemes of quantum state control non-unitary gates accommodating the influence of the bath are started to be used.
of a single agent is generated by "free Hamitonian":
where ω ji ≥ 0 are parameters ("frequencies") determining the time scales signals" about preferences of other agents (and this is unrealistic situation).
519
The interaction Hamiltonian is modeled in the following way (as, e.g., in quantum optics):
where k j 1 j 2 i 1 i 2 are real coefficients describing the magnitude of pairwise inter- can also be modeled, but the corresponding equations are too complicated 523 even for numerical modeling.
524
Now the adjustment of the preferences of the agent A j as the result of the influence of her mental environment R j we describe by the operator 15 :
where α + ij is a coefficient giving "the rate of signals" in favor of action towards 525 the agent A i coming to the agent A j from her mental environment R j and 526 α − ij gives the "rate of signals" against action. It seems to be difficult to 527 determine these rates experimentally, since even the notion of a "signal" 528 has to be specified. For a moment, we consider these coefficients as just electorate's will that the political party P j would establish the cooperation 540 with the political party P i .
541
In the operational representation under consideration, the presence of the 542 unstable electorate R is expressed in adjustment of the rates in the operator 
550
Suppose that there are only two political parties, P 1 and P 2 . Each H j is just the qubit space of the dimension two. The preferences to noncooperation and cooperation are represented by the bases (|0 , |1 ) in H j . The joint states of preferences are represented by superpositions of the vectors from the basis e 1 = |00 , e 2 = |10 , e 3 = |01 , e 4 = |11 .
In this basis the creation and annihilation operators for preferences of P 1 and P 2 are represented by the matrices or in the matrix representation The Markovian quantum master equation, the GKSL-equation, has the form
This is a system of linear equations, its dynamics can be modeled numerically.
551
Behavior of solutions depends essentially on the magnitudes of the coefficients 552 and selection of the initial conditions. We plan to analyze such dependences 553 in a future paper. The problem of interpretation of these concepts is far from its final eluci- we have shown in this paper.
630
The states of bosons and fermions have to satisfy to different types of symmetries. This implies an existence of different commutation relations for the operators representing the processes of creation a j and annihilation a j of bosons and fermions, respectively. For bosonic operators, we obtain:
where for any pair of operators A, B, [A, B] = AB −BA is their commutator. For fermionic operators, we have:
where for any pair of operators A, B, {A, B} = AB + BA is their anti- the state vector of choices of two parties is denoted as x = (x 1 , x 2 ), x j = 0, 1.
642
The bosonic properties of the decision operators of creation and annihilation
643
imply that a 1 , a 1 commute with a 2 , a 2 . As such, the compound state dy- izability of the proposed model to broader contexts of decision making.
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